Investigation of ubiquinol formation in isolated photosynthetic reaction centers by rapid-scan Fourier transform IR spectroscopy.
Light-induced formation of ubiquinol-10 in Rhodobacter sphaeroides reaction centers was followed by rapid-scan Fourier transform IR difference spectroscopy, a technique that allows the course of the reaction to be monitored, providing simultaneously information on the redox states of cofactors and on protein response. The spectrum recorded between 4 and 29 ms after the second flash showed bands at 1,470 and 1,707 cm(-1), possibly due to a QH(-) intermediate state. Spectra recorded at longer delay times showed a different shape, with bands at 1,388 (+) and 1,433 (+) cm(-1) characteristic of ubiquinol. These spectra reflect the location of the ubiquinol molecule outside the Q(B) binding site. This was confirmed by Fourier transform IR difference spectra recorded during and after continuous illumination in the presence of an excess of exogenous ubiquinone molecules, which revealed the process of ubiquinol formation, of ubiquinone/ubiquinol exchange at the Q(B) site and between detergent micelles, and of Q(B)(-) and QH(2) reoxidation by external redox mediators. Kinetics analysis of the IR bands allowed us to estimate the ubiquinone/ubiquinol exchange rate between detergent micelles to approximately 1 s. The reoxidation rate of Q(B)(-) by external donors was found to be much lower than that of QH(2), most probably reflecting a stabilizing/protecting effect of the protein for the semiquinone form. A transient band at 1,707 cm(-1) observed in the first scan (4-29 ms) after both the first and the second flash possibly reflects transient protonation of the side chain of a carboxylic amino acid involved in proton transfer from the cytoplasm towards the Q(B) site.